Cattle fattening, first of all, should be beneficial for a farmer, therefore, in Latvia more suitable are such average intense fattening methods as fattening with grass fodder. In the world, demand for beef, produced in an environmentally friendly manner, ensuring the appropriate animal welfare conditions, is growing. The aim of the study was to find out the fattening results of Hereford (HE) and Aberdinanguss (AB) pure-bred bulls and their crosses when fed with grass fodder. The study was conducted in 2015 and 2016 within the framework of the project 'Baltic Grassland Beef'. AB crossbreed bulls were slaughtered when they were 519 ± 16.6 days old, but HE pure-bred bulls -584 ± 7.3 days old (p ≤ 0.05). The biggest live weight and slaughter weight showed HE crossbreed group bulls -557 ± 19.4 kg and 293 ± 12.2 kg, respectively, but the biggest live weight daily gain from birth to slaughter was observed to AB pure-bred group bulls -952 ± 24.7. Carcass conformation score in muscle development was the highest for AB pure-bred group bulls. Their average conformation score was 3.2 ± 0.08 points. In terms of fat score development, carcass with the best quality was obtained from HE crossbreed group bulls, the resulting fat score -2.4 ± 0.10. The obtained results prove that pure-bred and crossbreed bulls used in this research are suitable for fattening with grass in the conditions of Latvia.
Introduction
In recent years in Latvia, the number of beef cattle herd has increased as agro-climatic and ecological conditions are suitable for development of this sector. It is a great opportunity for farmers to manage their grassland and also gain some profit. Beef cattle farms are mostly organic and according to scientists, products grown in these areas are especially useful for human health (Lujane, Oshmane, & Jansons, 2013).
Carcass and meat quality are influenced by many factors, which can be divided into two groups: endogenous factors (directly related to the animal, such as breed, age, gender, etc.) and exogenous factors (food, weather conditions, slaughter process, etc.). These factors are combined in environmental factors group. From this group, feeding has a big role in high quality product sourcing (Dannenberger et al., 2006) .
Considering the current economic situation in Latvia, cattle fattening should be inexpensive and profitable to the farmer. In this case, intensive feeding techniques, where mostly grain feed or concentrates are used, would not be suitable. In the world more popular has become grass-fed beef, where for cattle fattening mainly is used grass forage, but grain feeding is used only if necessary. This type of fattening is also closely related to the topical issue of preventing the direct competition between animals and humans for food products (feed no food) and reduction of environmental problems (Chassot, 2008) .
Grass forage in Latvian weather conditions is the cheapest feeding material for summer period, but its economic efficiency depends on the grass yield and quality -the more economical is the feed obtained, the higher they are. Grassland productivity level and quality of the harvest can be meaningfully regulated, as they depend on the sward botanical composition and density. Grass dry matter contains all the necessary nutrients for animals, which allows us to get delicious and biologically wholesome meat, but at the same time ensures quality and quantity rising of meat. So far in Latvia there have been separate studies of beef cattle fattening, however, there is a lack of research on the most appropriate choice of breeds of young animals for fattening with grass forage. Many foreign scientists (Hollo et al., 2012; Jukna et al., 2017; Pesonen, Honkavaar, & Huuskonen, 2013) have researched the growth of beef cattle breeds, fattening and carcass quality characteristics, but in general, these studies have been conducted on the intensive fattening conditions. The aim of this study was to explain the fattening results of HE and AB pure-bred bulls and their crosses (from father side HE and AB sires) using grass forage.
Materials and Methods
The study was conducted in 2015 and 2016 within the framework of the project 'Baltic Grassland Beef'. For fattening, bulls were fed with grass forage, in the winter with silage and hay, but in the summerpasture grass, silage and hay.
In this research, 89 pure-bred and crossbreed bulls from different Latvian farms were used. Bulls were slaughtered in a sertified slauhgterhouse 'Agaras' (Lithuania).
Four study groups were created for data analysis: 4. Hereford crossbreed group bulls (HE crosbreed) -24 bulls. AB crossbreed and HE crossbreed study groups were created from bulls whose fathers were AB and HE pure-bred sires, but from mother's side there were different beef breed and crossbreed cows.
Data on bulls belonging to the breed, date of birth, birth weight were obtained from the Latvian Agricultural Data Centre database, but the slaughter data -carcass weight, conformation and fat scorefrom the slaughterhouse 'Agaras'.
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where Wk -slaughter weight, kg Wt -live weight before slaughter, kg
After slaughtering of the bulls, their carcass weighing and muscle development evaluation was done according to the SEUROP classification. Beef carcasses for conformation are graded according to the EUROP scale: E -excellent (numerical designation -1) U -very good (2), R -right (3), M -medium (4), P -poor (5) muscle development. Fat score was based on visual evaluation of carcasses in the range from 1 to 5, where 1 -very low, 2 -low, 3 -moderate, 4 -very good 5 -very high.
Analysis of the data acquired was based on the indicators of descriptive statistics: arithmetical mean, standard error and coefficient of variation. T-test for average values was used for significance determination. Different letters (a, b, c) on tables mark significant differences at p ≤ 0.05. For trait relationship, correlation analysis was performed, which was established between the slaughter traits for all research group animals together (in total 89).
Results and Discussion
The average slaughter age of bulls from the study groups ranged from 519 to 584 days (Table 1) . HE pure-bred group bulls were slaughtered as the oldest, the average age was 584 ± 7.3 days, which was significantly higher than for the rest of the group bulls -the difference between AB pure-bred group bulls was 48 days, with AB crossbreed group bulls 65 days, but with HE crossbreed group bulls for 22 days (p ≤ 0.05). The AB crossbreed group bulls were slaughtered youngest. The average age at slaughtering was 519 ± 16.6 days, which is significantly different from HE pure-bred and HE crossbreed bull results (p ≤ 0.05). Between AB pure-bred and AB crossbreed group bulls there are not significant differences between the average age before slaughter. In Pesonen, Honkavaar, & Huuskonen, (2012, 2013) research, 
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-similarly to our study, it was observed that AB purebred bulls were slaughtered earlier as HE pure-bred bulls. AB pure-bred bulls were slaughtered at the age of 526 days, with the difference to our study of 10 days, but HE pure-bred bulls 561 days old -the difference to our study of 23 days. In our study, the age before the slaughter was higher, which can be explained by the fact that fattening was carried out only with forage, therefore the animals were growing slower. The average live weight of bulls before slaughter ranged from 524 kg to 557 kg. HE crossbreed bulls showed higher live weight before slaughter -557 ± 19.4 kg, while HE pure-bred bulls were slaughtered at the lowest live weight -524 ± 8.7 kg, however, significant differences between the groups did not exist.
The average daily weight gain from birth to slaughter in the study groups ranged from 822 g to 952 g. The biggest daily weight gain was observed for AB pure-bred bull group -952 ± 24.7 g, which was over 130 g higher than for HE purebred bull group (p ≤ 0.05). The differences in daily weight gain from birth to slaughter per day between AB crossbreed and HE crossbreed bulls were not significant.
The biggest slaughter weight was obtained from HE crossbreed group bulls -293 ± 12.2 kg, which was about 13 kg more than from AB pure-bred bulls (280 ± 8.0 kg), 27 kg more than HE pure-bred bulls (266 ± 4.3 kg) and about 16 kg more than from the AB crossbreed group bulls (277 ± 11.6 kg). Significantly different slaughter weight results were between HE pure-bred and HE crossbreed group bulls (p ≤ 0.05); among other groups significant differences were not identified. The Latvian study (Muizniece & Kairisa, 2016) proves that in organic farming conditions HE pure-bred bulls get carcass weight 298 kg before slaughter at the bull age of 615 days.
The biggest dressing percentage was showed by AB crossbreed group bulls -52.8 ± 0.49%, while the lowest -by HE pure-bred bulls -50.9 ± 0.40%; the difference is significant (p ≤ 0.05).
AB crossbreed group bull dressing percentage is also significantly higher than AB pure-bred bull dressing percentage -51.3 ± 0.39% (p ≤ 0.05). HE crossbreed group bull dressing percentage -52.4 ± 0.46% -is higher than AB and HE pure-bred group bull dressing percentage result (p ≤ 0.05). There are no significant differences between AB and HE crossbreed group bull dressing percentage indicators. Using different fattening technologies, a number of researchers found out that the average AB purebred bull dressing percentage ranged from 55.2% -59.3%, while for HE pure-bred bulls from 54.1% -56.0%. (Barton et al., 2006 Evaluation of the development of the carcass conformation score ranged from 3.2 to 3.5 points. The best score was obtained from AB pure-bred bull group -3.2 ± 0.08 points ( Table 2) . From this group 79% of carcasses were evaluated as R class, but 21% of carcasses as O class. The lowest score for the carcass was received by HE pure-bred bulls and HE crossbreed group bulls -3.5 ± 0.10 points, which is significantly lower rating than from AB pure-bred bulls (p ≤ 0.05). In HE pure-bred bull group 52% of carcasses were assessed as in the R class, but 48% in O class. By contrast, from HE crossbreed bull group 54% of carcasses corresponded to the R class, but 46% of carcasses -to O class.
Carcasses from all group bulls were evaluated as 2nd and 3rd fat class. In all study groups there were no carcasses which were evaluated as belonging to the 1st, 4th or 5th fat class.
Several foreign scientific studies have shown that AB pure-bred cattle carcass fat score is much higher than for late maturity breeds (Chambaz et al., 2003; Barton et al., 2006; Alberti et al., 2008; Pesonen, Honkavaar, & Huuskonen, 2012) , which is also consistent with our study -AB pure-bred bull fat score was 2.2 ± 0.08 points, but HE pure-bred group bull fat score was only 2.1 ± 0.06 points. According to the classification of meat breeds of cattle after their maturation rate, AB pure-bred bulls belong to the early maturity breeds, but HE pure-bred bulls to medium late maturity breeds (Philips, 2010 
Among all study groups, HE crossbreed group bulls showed the highest fat score -2.4 ± 0.10 points, which can be explained by the crossing result of the positive heterosis effect. The fat score of the HE crossbreed bull carcasses is significantly different from the fat score of the AB and HE groups pure-bred bulls (p ≤ 0.05).
As shown in Huuskonen et al. (2009) study, which was carried out in Finland, by incorporating in the feed ration grain feed for HE pure-bred bulls, it is possible to gain carcass fat score up to 4.4-4.5. points, regardless of the keeping conditions. These indicators already are approaching the 5th fat class, which is considered undesirable because such carcasses are with too much fat. As Chassot (2008) concludes, if in fattening are used excessive amounts of grain feed or concentrates for such medium intense breed as AB, then it can lead to too fatty carcass.
According to our study, if for fattening is used grass, it is possible to get carcasses with enough fat level. Including grain in feed ration for pure-bred and crossbreed bulls would cause too big fat level formation, which might have a negative impact on the carcass quality. It would be necessary to feed grains only at the end of fattening, if the fat level is not developed enough.
To find out the relationship between the fattening and slaughter traits, correlation analysis was performed ( Table 3 ). The results show that between the live weight before slaughter and daily weight gain from birth to slaughter, and the live weight before slaughter and slaughter weight there is a strong positive correlation -0.83 and 0.96, respectively. Between the daily weight gain from birth to slaughter and slaughter weight, there also is a strong positive correlation -0.83. The slaughter weight correlated average with dressing percentage and conformation score (0.50 and -0.52). For other traits, the observed correlations are weak.
Positive correlation between slaughter weight and carcass conformation was found by Hickey et al. (2007) in the Holstein sire breed group -correlation was 0.36. In our study, the correlation between traits slaughter weight and conformation score is negative --0.52. This can be explained by the method which is used by EUROP scale grading because we used the lowest value for the best carcass conformation score.
Conclusions
AB pure-bred bulls were slaughtered youngestat 519 ± 16.6 days of age, which was significantly different from HE pure-bred and HE crossbreed group bulls with the age of slaughter 584 ± 7.3 and 562 ± 9.4 days, respectively. HE crossbreed group bulls showed the biggest weight before slaughter and slaughter weight -557 ± 19.4 kg and 293 ± 12.2 kg, respectively. AB purebred group bulls showed the biggest daily weight gain from birth to slaughter -952 ± 24.7 g, but the highest dressing percentage was gained from AB crossbreed group bulls, on average, 52.8 ± 0.49%.
Carcass conformation score in the study groups was from 3.2 to 3.5 points, but the best score was for AB pure-bred group of bulls -3.2 ± 0.08 points. The highest fat score showed HE crossbreed group of bulls -2.4 ± 0.10 points.
The obtained results prove that pure-bred and crossbreed bulls used in this research are suitable for fattening with grass in the conditions of Latvia. The best fattening and slaughter results showed AB purebred and AB crossbreed bulls. HE pure-bred bulls grew more slowly and they showed worse slaughter results as other group bulls. Therefore, for fattening with grass fodder more suitable are HE crossbreed bulls because they showed better growing and slaughter results than HE pure-bred bulls.
Among the traits of live weight before slaughter and daily weight gain from birth to slaughter, live weight before slaughter and slaughter weight, and daily weight gain from birth to slaughter and slaughter weight had a strong positive significant correlation. 
